A total of 224 recent isolates of Mycobacterium tuberculosis from 163 patients selected to have multidrug resistance were tested against streptomycin (SM), isoiiazid, rifampin, and ethambutol (EMB) by the rapid radiometric BACTEC method and two conventional proportion methods: the World Health Organization (WHO) method, using Lowenstein-Jensen medium; and the Veterans Administration reference laboratory for mycobacteria (VA) method, using Middlebrook 7H10 agar medium. The results were compared, focusing on the concentrations of the drugs in all three methods. Among the four drugs tested, most of the discrepancies in measured activity were observed with SM and EMB, generally because of differences in the drug concentrations used by the three methods. A 4-,ig amount of SM in the BACTEC method was found to be slightly less active than 10 ,ug in the VA method and significantly more active than 4 ,g of dihydrostreptomycin in the WHO method. With EMB, 2.5 ,g in BACTEC was similar to 5 ,ug in the VA method and 2 ,ug in the WHO method, while 10 ,ug in the BACTEC method was found to be more active than 10 and 2 ,ug in the VA and WHO methods, respectively. To attain close agreement, drug concentrations used in the BACTEC method should be carefully selected when a comparison is to be made with any conventional method employed in a laboratory. Standardization of in vitro susceptibility testing is greatly needed to achieve uniformity among the test methods used to evaluate tuberculosis therapeutics.
The introduction of radiometric techniques in the field of mycobacteriology is a recent development. In 1977, Middlebrook et al. (7) showed that a new liquid medium, 7H12, used with the semiautomated BACTEC system for the detection of mycobacterial growth could have clinical laboratory usefulness. The first evaluation of rapid radiometric drug susceptibility testing of Mycobacterium tuberculosis was reported by Snider et al. in 1981 (10) . Although the overall agreement at one laboratory was 95% and the predictive values for susceptibility were between 97 and 100%, the predictive values for resistance were considered low for streptomycin and ethambutol. In this study the culture suspensions used for radiometric testing were not freshly prepared, and it was believed that poor viability could have affected the results. Shortly thereafter, Siddiqi et al. (9) reported that freshly prepared suspensions yielded better and faster results. The overall agreement of radiometric results with those obtained by a conventional method was 98%, with specificity, sensitivity, and predictive values for resistance higher than those measured in the earlier study.
The modified proportion method with Middlebrook agar medium has been compared with the radiometric BACTEC procedure in several studies (8, 9, 10) . The other proportion method practiced throughout the world uses LowensteinJensen (LJ) medium and has been evaluated (6) . It was felt, however, that further evaluations were required with a large number of drug-resistant strains to evaluate the sensitivity and specificity of the radiometric method. This study was also designed to evaluate the different drug concentrations used in these procedures to BACTEC method. Details of the BACTEC radiometric method were described previously (9) . Before inoculation of the culture, drug medium was prepared freshly by inoculating 0.1 ml of stock drug solution into a vial of 7H12 (BACTEC 12A) medium. Stock solutions were prepared so that when 0.1 ml was added to 2 ml of 7H12 medium the desired final concentration was achieved. The growth from an LJ slant was carefully scraped and transferred into a glass tube containing a few glass beads in approximately 5 ml of special diluting fluid (0.2% fatty acid-free bovine albumin and 0.02% Tween 80 in deionized water WHO method. The standard version of the WHO proportion method was perfumed at LCDC, Canada, as described by Canetti et al. (1, 2) . Appropriate concentrations of drugs were added to LJ medium before inspissation. This method determines the proportion of the bacterial population which is resistant to a "critical drug concentration." Usually, if the growth on drug-containing medium is 1% or more of the growth on the control medium, that particular drug is not or soon will not be useful in the treatment of a given patient. Critical drug concentrations in this procedure are based on bacteriological criteria as well as on clinical response to antituberculosis chemotherapy.
VA method. Details of the VA method have been described earlier (5, 11) . Paper disks impregnated with antituberculosis drugs (BBL Microbiology Systems, Cockeysville, Md.) were added to individual quadrants of sterile polystyrene X plates (Becton Dickinson Labware, Oxnard, Calif.). The disks, approximately centered, were submerged in melted Middlebrook 7H10 agar medium enriched with oleic acid-albumin-dextrose-catalase (BBL). Uniform diffusion of the drug in 5 ml of medium per quadrant provided the desired concentrations indicated above for this method. Control quadrants contained 7H10 medium without disks.
Fresh clinical isolates received on LJ medium from Veterans Administration medical facilities were each subcultured to five LJ medium slants prepared in the laboratory from base powder (Difco Laboratories, Detroit, Mich.). At the same time, growth from the original isolates was subcultured in Middlebrook 7H9 broth containing albumindextrose-catalase (Difco) and incubated for 6 days at 35 to 37°C with daily shaking by hand to disperse clumps. A portion of the culture was added to a tube containing 7H9 broth medium to obtain a barely turbid suspension (approximate optical density of 0.06 at 580 nm). For inoculation of the drug susceptibility quadrants a modified proportion method was followed (5, 11, 12) . RESULTS Results determined by all three methods were available for 219 of the 224 initial cultures. BACTEC results with SM were compared with the VA and WHO methods ( Table 1) . The results indicated that 2 ,ug of SM in the VA method did not correlate highly with 4 ,ug in the BACTEC method.
There were 37 (16.9%) specimens which were resistant by the VA method and susceptible by BACTEC. However, when 10 ,ug in the VA method was compared with 4 ,ug in BACTEC, there were only nine disagreements (4.1%), eight being susceptible by the VA method only. A 4-,ug amount of DSM in the WHO method was found to be significantly less active than 4 ,ug in BACTEC, and the results were not highly correlated (20.1% disagreements). Between the two conventional methods, 2 and 4 ,ug in the VA and WHO methods, respectively, compared more closely (6.8% disagreements) than did 10 ,ug (VA) and 4 The basic procedure for radiometric drug susceptibility testing using the BACTEC instrument has already been established (9, 10 although slightly less active than those of 2 ,ug of SM in 7H10 medium. The type of SM used also made some difference. When SM and DSM were compared by the WHO and BACTEC methods, it was found that SM at the same concentration was more active in both media and yielded more susceptibility than DSM. Overall, BACTEC GI readings in SM and DSM medium were also indicative of this fact. These results tend to confirm earlier studies showing that the MIC of SM is approximately half the MIC of DSM for M. tuberculosis (3). This should be taken into account by adjusting the critical drug concentration when switching from DSM to SM in drug susceptibility tests. DSM has been discontinued for use in treatment for more than a decade. Its use in in vitro drug susceptibility tests, however, has been continued in many parts of the world with egg-based media because it is known to be less susceptible to inactivation than SM (3) .
With EMB, variations of results have always been a problem in in vitro susceptibility testing, especially at lower concentrations. Two concentrations of EMB were used in the VA method, and differences in the percentage of resistant cultures against 5 and 10 ,ug were significant (32 and 6%, respectively). Moreover, many of the cultures were borderline, having 1 to 10% of the population resistant to the drug. When 10%) . However, the 1% proportion concept has been widely followed for many years, and any change should be based on a careful evaluation.
In this study the BACTEC results showed close agreement with the conventional findings, especially with the VA proportion method, but we note that drug concentrations used in BACTEC testing must be carefully selected in order to compare results with a particular existing conventional method in use in a laboratory. Different techniques of the conventional method and different concentrations of test drugs have created a complex situation in susceptibility testing in tuberculosis. It is time to concentrate our efforts toward standardization of techniques and drug concentrations in order to bring a uniformity to susceptibility testing. The introduction of the rapid radiometric method should provide the impetus to take the necessary steps to achieve this goal.
